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(54) PERPENDICULAR MAGNETIZATION FILM AND MAGNETIC RECORDING MEDIUM 
(57)Abstract: 

PURPOSE: To obtain an excellent perpendicular 
magnetization film by laminating a specified number of 
laminated layers of a magnetic layer and a noble metallic 
layer and allowing the film thickness to be less than a 
specified thickness. 

CONSTITUTION: The magnetic layer M and the noble 
metallic layer N are alternately laminated and when the 
laminated number is n and the laminated state is 
expressed in a formula I, an n value is made to 1 <n<5 
and a film thickness of (M/N)n is made to <50&angst;. 
Besides when a thickness of the magnetic layer M is tM. 
and a thickness of the noble metallic layer N is tN, a 
value of a film thickness ratio (tM/tN) per one layer is 
made to 0.6<tM/tN. Thus by laminating the perpendicular 
magnetization film via a nonmagnetic layer, a ratio being 
occupied with the magnetic layer as the whole laminated 
film becomes larger, so the film is favorable in the case 
using a magneto-optical effect, especially a Faraday 
effect. 
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PURPOSE: To obtain an excellent perpendicular magnetization film by 
laminating a specified number of laminated layers of a magnetic layer and a 
noble metallic layer and allowing the film thickness to be less than a 

specified thickness. 

CONSTITUTION: The magnetic layer M and the noble metallic layer N are 
alternately laminated and when the laminated number is n and the 
laminated state is expressed in a formula I, an n value is made to 1<n<5 
and a film thickness of (M/N)n is made to <50&angst;. Besides when a 
thickness of the magnetic layer M is tM, and a thickness of the noble 
metallic layer N is tN, a value of a film thickness ratio (tM/tN) per one 
layer is made to 0.6<tM/tN. Thus by laminating the perpendicular 
magnetization film via a nonmagnetic layer, a ratio being occupied with the 
magnetic layer as the whole laminated film becomes larger, so the film is 
favorable in the case using a magneto-optical effect, especially a Faraday 
effect. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] When noble metals express the magnetic substance and N and, as for nM (M/N), n expresses with the number 
of laminatings the condition that the laminating of a magnetic layer and the noble-metals layer was carried out, they are 
l<=n<=5 and (M/N) n. Perpendicular magnetic anisotropy films characterized by thickness being less than 50A. 
[Claim 2] Noble metals express the magnetic substance and N, n expresses with the number of laminatings the condition 
that the laminating of a magnetic layer and the noble-metals layer was carried out by turns, and nM (M/N) is a thickness 
ratio per layer (tM/tN). 

tM Thickness tN of a magnetic layer When expressed with the thickness of a noble-metals layer, they are l<=n<=5 and 
0.6 <=tM / tN. Perpendicular magnetic anisotropy films according to claim 1 characterized by satisfying conditions. 
[Claim 3] Noble metals express the magnetic substance and N, n expresses with the number of laminatings the condition 
that the laminating of a magnetic layer and the noble-metals layer was carried out by turns, and nM (M/N) is a thickness 
ratio per layer (tM/tN). 

tM Thickness tN of a magnetic layer When expressed with the thickness of a noble-metals layer, they are 2 <=tM <=16 
(angstrom), 2 <=tN <=16 (angstrom), and (M/N) n. Perpendicular magnetic anisotropy films characterized by thickness 
satisfying less than 50A conditions. 

[Claim 4] It is n which has perpendicular magnetization when noble metals express the magnetic substance and N and, 
as for nM (M/N), n expresses with the number of laminatings the condition that the laminating of a magnetic layer and 
the noble-metals layer was carried out (M/N). Perpendicular magnetic anisotropy films characterized by carrying out 
two or more layer laminating of the film through a non-magnetic layer. 

[Claim 5] n which has different coercive force (M/N) Perpendicular magnetic anisotropy films according to claim 4 
characterized by carrying out the laminating. 

[Claim 6] The magnetic-recording medium characterized by using perpendicular magnetic anisotropy films according to 
claim 1 to 5 as a record layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic-recording medium using the suitable perpendicular 
magnetic anisotropy films and suitable it for magnetic-recording media, such as a magneto-optic-recording medium and 
a vertical-magnetic-recording medium. 
[0002] 

[Description of the Prior Art] Generally, since the perpendicular magnetic anisotropy films which have an easy axis in 
the perpendicular direction to a film surface can record information at a spot several micrometers or less and can read 
the information by irradiating light beams, such as laser light, using the magneto-optical effects, such as the Kerr effect, 
they are effective as a record medium of high density. As such a record medium, it is rare earth, such as compound 
single crystal thin films, such as polycrystal film, such as MnBi, and GdIG (gadolinium iron garnet), and Tb-Fe. - There 
is an iron-group amorphous thin film etc. However, manufacturability and S/N There are merits and demerits about a 
ratio etc., respectively, and the further amelioration is desired. 

[0003] Recently, it is several 100 at the period of several angstrom order of Co and Pt (or Pd) as new perpendicular 
magnetic anisotropy films. The so-called artificial grid film which carried out the angstrom laminating attracts attention, 
this cascade screen ~ 400nm fi-om — 500nm ** ~ the magneto-optical effect in the short wavelength field to say is 
large, and is expected as a high density record medium corresponding to short wavelength. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, although it is cascade screens, such as Co/Pt promising as 
perpendicular miagnetic anisotropy films, since it is magnetic metals which are directly contributed to the magneto- 
optical effect, such as Co, when increase of the magneto-optical effects, such as a car angle of rotation, is considered, 
more possible ones are desirable [ the amount of Co(es) which is a magnetic metal ]. Therefore, Co/Pt of a cascade 
screen When a thickness ratio is expressed as tCo/tPt, the larger possible one of the value of tCo/tPt is desirable. 
[0005] However, this value is one half If it exceeds and becomes large, a remanence ratio will fall, and there is a 
problem that good perpendicular magnetic anisotropy films are not obtained (J. Appl.Phys.67(4), p2136 (1990)). 
Therefore, Co/Pt In the cascade screen of the magnetic metal / noble-metals system represented, the present condition is 
that the perpendicular magnetic anisotropy films with many amounts of magnetic metals are not obtained. 
[0006] Perpendicular magnetic anisotropy fihns generally according to the artificial grid film are several 100. Although 
an angstrom extent laminating is carried out and it reahzes, in the thick field of the thickness of Co, it is obtained, and 
there are no perpendicular magnetic anisotropy films and the purport publication is carried out, for example as shown in 
JP,2-56752,A. This has the clear field of the upper left in Fig. 6 of this official report, Fig. 15, Fig. 17, and Fig. 19 also 
fi-om considering as the field where perpendicular magnetic anisotropy films are not obtained. This invention was made 
in consideration of the above point, and aims to let the amount of magnetic metals offer the perpendicular magnetic 
anisotropy films which can show many [ and ] good perpendicular magnetization properties. 
[0007] 

[Means for Solving the Problem and its Function] this invention persons are magnetic metals (M). /noble metals (N) It is 
the perpendicular magnetic anisotropy films of a system, and examined whether the amount of magnetic metals could be 
increased somehow. At this kind of cascade screen, it is Co/Pt, for example. Several 10 times and all thickness are a 
repetition Several 100 Although having considered as an ONGU storm was commonsense, it is Co/Pt daringly. The film 
property in the condition of having limited the repetition to several times was investigated. Consequently, it is Co/Pt 
also in a condition with many amoimts of magnetic metals to a surprising thing. When reduced the repeat count and 
thickness of a cascade screen was made thin, it found out that perpendicular magnetic anisotropy films were obtained. 
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[0008] That is, noble metals express the magnetic substance and N, n expresses with the number of laminatings the 
condition that, as for the 1st invention, the laminating of a magnetic layer and the noble-metals layer was carried out by 
turns, and n M (M/N) is a thickness ratio per layer (tM/tN). 

tm Thickness tn of a magnetic layer When expressed with the thickness of a noble-metals layer, they are l<=n<=5 and 
(M/N) n. They are the perpendicular magnetic anisotropy films characterized by thickness satisfying less than 50A 
conditions, although Co which is a magnetic metal as the magnetic substance M here is typical - others - Fe and nickel 
etc. — it is mentioned. Of course, these multicomputer systems are sufficient, moreover — although Pt is typical as noble 
metals N — others — Pd, Ru, Au, and Ag etc. ~ it may be mentioned and a multicomputer system is sufficient also as 
this. 

(M/N) n If thickness exceeds 50A, it will be hard coming to obtain perpendicular magnetic anisotropy films. It is 30A or 
less preferably. 

[0009] Moreover, tM/tN By setting or more to 0.6, the coercive force of perpendicular magnetic anisotropy films can be 
improved. Moreover, since the amount of magnetic metals per unit thickness will increase compared with the former, 
and improvement in the magneto-optical effect will be attained in connection with it and the amount of noble metals 
will fall, film cost falls. In addition, since it will be hard coming to attain perpendicular magnetization if the ratio of a 
magnetic metal becomes high not much although based also on thickness, they are tM/tN. It is desirable that it is three 
or less. 

[0010] in addition, thickness tM of one layer of magnetic metals it is - although - when not much thick, achievement 
of perpendicular magnetization is difficult and 16A or less is desirable. Moreover, it is better for there to be 2 A also at 
the lowest, in order not to show good magnetism, if too not much thin, fiirther — 3 <=tM <=15 (angstrom) ~ a certain 
thing is desirable. 

[001 1] moreover, thickness tN of one layer of noble metals it is ~ although - it is better for achievement of 
perpendicular magnetization to be difficult if too not much thin, and for there to be 2A also at the lowest. Moreover, 
extent which does not alienate magnetic coupling between magnetic metal layers of the thickness of the noble-metals 
layer pinched between magnetic metal layers at the time of a laminating, i.e., 16A or less extent, is desirable, fiirther ~ 3 
<=tN <=15 (angstrom) — a certain thing is desirable. 

[0012] Now, M/N Although it is the several n laminating of a repetition, it is a field with few amounts of magnetic 
metals, tM/tN <=0.5 [ i.e., ], like the former. It is tM/tN >=0.6 although at least several ten repetitions can attain 
perpendicular magnetization by the film [ like ]. When there are many amounts of magnetic metals, since a remanence 
ratio falls and good perpendicular magnetic anisotropy films are no longer obtained, in many laminatings like before, n 
needs to be five or less. 

[0013] the perpendicular magnetic anisotropy films of this invention - for example, a substrates top, such as glass and 
resin, - the various sputtering methods, such as the usual thin film formation approach, for example, RF, and an ion 
beam, vacuum deposition, and MBE — it can create by law etc. The noble-metals layer which is formed on this substrate 
for the reason on the improvement in coercive force of perpendicular magnetic anisotropy films and a square shape 
disposition etc. although it is common on a substrate that the noble-metals film N of the repetitions of M/N is located is 
10-300. It is good also as a substrate layer of angstrom extent. 

[0014] Moreover, when a magnetic layer is located in the maximxmi upper layer and it is thought that there are 
problems, such as weatherability, a noble-metals layer may be added as the maximum upper layer. In this case, if it sees 
as the whole cascade screen, it will become the form where one layer of noble-metals layers was added to the repetition 
of (M/N). 

[0015] Although they can be used as a vertical-magnetic-recording medium, since the magneto-optical effect can 
demonstrate the perpendicular magnetic anisotropy films of this invention more effectively compared with the former, 
they are high-density and promising as a magneto-optic-recording medium which was moreover excellent in the C/N 
ratio. In addition, as a record medium, a bias field generating layer etc. may be fiirther added like the conventional 
magneto-optic-recording medium, using the perpendicular magnetic anisotropy films of this invention as a record layer. 
Moreover, it is also possible to use the perpendicular magnetic anisotropy films of this invention as a bias field 
generating layer. 

[0016] By the way, in order to make [ many ] the amount of magnetic metals conventionally, the means which make 
[ many ] the number of laminatings were taken, but since perpendicular magnetic anisotropy films would no longer be 
obtained if it is made [ many / not much ], there was a limitation. When the laminating of this perpendicular-magnetic- 
anisotropy-films unit could be carried out paying attention to the thing which were shown previously and which is 
acquired for perpendicular magnetic anisotropy films with the small number of laminatings like, without spoiling a 
perpendicular magnetization property, this invention persons thought that the perpendicular magnetic anisotropy films 
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containing more magnetic metals were obtained, and resulted in the 2nd invention. That is, n M (M/N) is n which has 
perpendicular magnetization when noble metals express the magnetic substance and N and n expresses with the number 
of laminatings the condition that, as for the 2nd invention, the laminating of a magnetic layer and the noble-metals layer 
was carried out by turns (M/N). They are the perpendicular magnetic anisotropy films characterized by carrying out two 
or more layer laminating of the film through a non-magnetic layer L. About M and N, it is the same as that of the 1st 
above-mentioned invention. 

[0017] The non-magnetic layer has the function to erase the magnetic interaction of the perpendicular magnetic 
anisotropy films which have countered through this, and should just be non-magnetic material, for example, Si02, 
aluminum 203, various glass, and Pt, Pd, Au, Ag, aluminum, Cu, Mn, Cr and Si etc. - it is mentioned. Thickness is 
lOA or more extent by which magnetic association is intercepted, and if the magneto-optical effect is taken into 
consideration, in order that it may make loss of light minimum, its thing thin as much as possible is desirable. Moreover, 
since it becomes impossible to deal with it as a magnetically united cascade screen when not much thick, it is at most 
100. Angstrom extent is a limitation. It is 20A thru/or 100 preferably. It is angstrom. Moreover, the noble-metals layer 
of the last of being a unit unit (M/N) is thickened, and this non-magnetic layer can also be used also [ non-magnetic 
layer]. 

[0018] now, the thickness tM of a unit unit / tN it is - although - perpendicular magnetic anisotropy films — it is — 
****ing ~ a sake - limitation like the 1st invention - especially — not being required . Preferably, it is 0.3 <=tM/tN 
<=3. However, in order to make [ many ] the amount of magnetic metals, it is desirable to take a configuration like the 
1st invention. 

[0019] It is desirable that control a film configuration so that N layer is surely located like Cu in a non-magnetic layer at 
an interface with a non-magnetic layer in other than noble metals, since it is hard coming to obtain perpendicular 
magnetization when layers other than noble metals are used as a non-magnetic layer, although the repetition of M/N was 
a base, or add N layer to the repetition of (M/N) further, and a magnetic layer is surely pinched in a noble-metals layer. 
[0020] In this 2nd invention, if it may be **** in the coercive force of the perpendicular magnetic anisotropy films 
which carry out a laminating, the perpendicular magnetic anisotropy films which have the multistage hysteresis loop can 
be obtained. By using the perpendicular magnetic anisotropy films which have such a multistage hysteresis loop, record 
and over- writing record of a multiple value are attained. Moreover, in the perpendicular magnetic anisotropy films 
concerning this invention, a faraday's rotation angle is large and it is suitable to read magnetic recording by change of a 
faraday's rotation angle. 
[0021] 

[Example] The example of this invention is explained below. 

(Example 1) The cascade screen of Pt was produced on the quartz-glass substrate as Co and noble metals N as a 
magnetic metal M using the ion beam sputtering system as shown in drawin g 1 . 

[0022] After exhausting to the degree of vacuum of 4xl0-7torr beforehand, manufacture conditions introduce Ar gas 
(99% of purity) into him until a partial pressure becomes Maine Gang (ion gun 1) at 1 .5 xl 0-4torr, and they ionize Ar, 
and acceleration voltage is 500 V. They are the conditions of an exposure to a target as an ion beam. As a target, they 
are Co and Pt. It is Co/Pt by preparing each metal target and rotating this suitably. The mutual laminating was 
performed. It is the thickness tPt of 5A and Pt layer about the thickness tCo of Co layer 5A and Co/Pt [0023] which 
shows the result to which the number of cycles was set to n and n was changed to drawin g 2 thru/or drawing 6 Drawin g 
2 is drawing showing the magnetization curve of a sample number 1-1 (n= 2). A residual magnetic flux density (Mr) 
and coercive force (He) have a large way at the time of impressing a field at right angles to a film surface compared 
with the case where a field is impressed in parallel with a film surface, and it tums out that they are perpendicular 
magnetic anisotropy films. 

[0024] Drawing 3 shows change of the square shape nature (theta kr/theta kf) by the Kerr effect measurement 
(wavelength of 400nm) by the several n laminating, and coercive force (He). Square shape nature and coercive force are 
known by that it is good in the field of n<=5 so that clearly from drawing 3 . The same inclination is seen also with 
other magnetic metals and noble metals. 
(Example 2) 

[0025] The square shape nature (theta kr/theta kf) when changing tPt by the same approach as an example 1 , and 
changing thickness ratio tCo/tPt on condition that 4A and n= 1 is investigated, and the result is shown in drawing 4 . It 
was checked that good perpendicular magnetization is obtained by tCo/tPt<=3 so that clearly from drawing 4 . 
(Example 3) 

[0026] the same approach as an example 1 - tCo ~ the conditions of 5A and n= 2 - thickness ratio tCo/tPt - 0.5 firom - 
- the remanence ratio at the time of making it change in 2 was theta kr/theta kf=l, and was good perpendicular magnetic 
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anisotropy films. Moreover, the relation between a car angle of rotation (thetak) and tCo/tPt was shown in drawing..5 . It 
follows on the increment in tCo/tPt so that clearly from dr aw ing 5 , and it is thetak. It turns out that it is in the 
inclination of an increment (example 4). 

[0027] Drawing 6 is N/{M/(N/M) n/L}m on a quartz substrate. It is drawing having shown the cascade screen of a 
configuration. That is, the pair of magnetic layer M (Co) and the noble-metals layer N (Pt) is repeated n times on a non- 
magnetic layer L (Pt), the unit by which the magnetic layer M was finally formed is repeated m times, and the condition 
that the noble-metals layer N is formed by the maximum upper layer is shown. The perpendicular magnetic anisotropy 
films of the configuration of above-mentioned dr aw ing 6 were constituted as Co and a noble-metals layer N as a 
magnetic layer M, using Pt as Pt and a non-magnetic layer L. 

[0028] After membrane formation decompressed the inside of a chamber to 5xl0-6torr, it introduced Ar gas and was 
performed by the RF sputtering method in Ar partial pressure 5xlO-3torr. In addition, two pieces, Co and Pt, were 
prepared as a target, and, in Co, the laminating of the case of RF output lOOW and Pt was carried out by tums in 50- 
200W. 

[0029] It is the thickness of lOA and a non-magnetic layer about the thickness tCo of Co layer which is a magnetic layer 
100 It fixed by angstrom, the product number of layers n= 2, and m= 2, the thickness tPt of a noble-metals layer was 
changed, and the car angle of rotation (400nm) was investigated. The result is shown in drawing 7 . 
[0030] A remanence ratio falls in the field in which tPt exceeds 3 A and tCo/tPt exceeds 3 from drawing 7 , tPt is 50A 
and tCo/tPt is 0.3. In a small field, it tums out that the car angle of rotation is falling. 

[0031] tPt - the hysteresis curve of a car angle of rotation (3 A, 5 A, and 30A) - drawing 8 (a), (b), and (c) It is alike, 
respectively and is shown. When tPt is 3 A, square shape nature is bad and it turns out that it is the magnetization film 
witiiin a field. In addition, the result with the same said of the film produced by the IBS method (ion beam sputtering) 
was obtained. 
(Example 5) 

[0032] The cascade screen of the configuration of N/{M/(N/M) n/L}m was produced on the quartz substrate like the 
example 4 by the RF sputtering method as Co and a noble-metals layer N as a magnetic layer M, using Pt as Pd and a 
non-magnetic layer L. tPd is fixed with 5 A, the thickness of 5A and a non-magnetic layer is fixed for tCo with 50A and 
m= 2, and the property when changing n is shown in draw ing 9 . 

[0033] Although a remanence ratio falls rapidly from drawin g 9 from the field where n exceeds 5 and n increases 
favorably with the increment in n in five or less field also in a car angle of rotation, the degree of an increment falls to 
the degree of pole more than by it. 

[0034] the hysteresis curve of a car angle of rotation to n= 1 and the extemal magnetic field in 5 and 10 - drawing 10 
(a), (b), and (c) It is shown, respectively. The description of the magnetization within a field has appeared in n= 5. 
(Example 6) 

[0035] The cascade screen of the configuration of N/{M/(N/M) n/L}m was produced on the quartz substrate like the 
example 4 by the RF sputtering method as nickel and a noble-metals layer N as a magnetic layer M, using Ag as Au and 
a non-magnetic layer L. tAu is fixed with lOA, tNi is fixed with 15 A, m= 5, and n= 2, and the property when changing 
the thickness of a non-magnetic layer is shown in drawing 11. 

[0036] Drawing 1 1 shows that a remanence ratio falls [ tAg ] in a less than lOA field, the hysteresis curve [ as opposed 
to / case / where tAg considers as 7A, lOA, and 100 A / an extemal magnetic field ] of a car angle of rotation — drawing 
12 (a), (b), and (c) It is shown, respectively. When tAg is 7 A, square shape nature is bad, it has become the 
magnetization film within a field, and it tums out that it is low coercive force. 

[0037] Therefore, it became clear that coercive force is increased and the good magneto-optical effect can be acquired, 
without falling square shape nature because it carries out a laminating, using tAg as lOA or more. 

(Example 7) 

[0038] The cascade screen of the configuration of N/{M/(N/M) n/L}m was produced on the quartz substrate like the 
example 4 by the RF sputtering method as Co and a noble-metals layer N as a magnetic layer M, using aluminum as Au 
and a non-magnetic layer L. 

[0039] However, sample 7-1 It set, and 20A and tCo were set into 5A, and tAu was set to 5A, n= 2, and m= 2 for tAl. 
On the other hand, it is a sample 7-2. It sets and is {M/(N/M) n/L} m. Further by the eye They are [ tAl ] 5A, and n= 2 
and a sample 7-1 about 5A and tAu in 20A and tCo. It is {M/(N/M) n/L} m similarly. By the bilayer eye 50A and tCo 
were set into lOA, and tAu was set to 5A and n= 3 for tAl. this sample 7-1 and 7-2 ******** the hysteresis curve of a 
car angle of rotation to an extemal magnetic field is shown in drawing 13 (a) and (b), respectively. 
[0040] since the magnetic interaction is intercepted for both samples by the non-magnetic layer aluminum from drawing 
13, although there are many total Co laminatings - good square shape nature and big car ****** - it has big coercive 
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force. In addition, it is this sample 7-2 so that clearly from a hysteresis curve. The two-step hysteresis is then realized. 
This is a sample 7-1. Since the cascade screen currently intercepted by the non-magnetic layer is both identitas, it 
becomes the same [ the coercive force as the whole ], but when the cascade screens currently intercepted like the sample 
7-2 differ, since each coercive force differs, a multistage hysteresis will be shown as the whole. 
[0041] The hysteresis curve in that case is typically shown in drawing 14 that the laminating of the 1st cascade screen is 
carried out to the 2nd large cascade screen of coercive force through the non-magnetic layer. (B) from which 
considering the case where decrease a magnetic field from a saturation state (A), and the magnetic field of hard flow is 
impressed ftirther flux reversal produces the 1st and 2nd cascade screen by the 1st small cascade screen of coercive 
force first in a saturation state although magnetization is equal to the same direction . Furthermore, it is (C) to which 
flux reversal will arise in the 2nd large cascade screen of coercive force shortly if it progresses, and magnetization will 
be equal to the sense contrary to the beginning. . Moreover, when a magnetic field is weakened and it is made to 
reverse, magnetic reversal arises in the 1st small cascade screen of coercive force first, and it is (D). Magnetization of 
the 2nd cascade screen is continuously reversed, and it is (A). It returns to a condition. 

[0042] For example, it sets to drawing 14 and is helium >HA. If a magnetic field is canceled after impressing an 
extemal magnetic field, it will be Magnetization MA in a non-magnetic field condition. It holds. Furthermore, HC 
<helium <HB It will be Magnetization MB, if a magnetic field is canceled after impressing an extemal magnetic field. It 
holds, helium <HC It will be Magnetization MC, if a magnetic field is canceled after impressing an extemal magnetic 
field. It holds and is HD <helium <HA. It will be Magnetization MD, if a magnetic field is canceled after impressing an 
extemal magnetic field. It holds. Thus, by the impression magnetic field, it can have the value of two or more 
magnetization in stability, and multiple-value record is attained. 

[0043] Moreover, the coercive force of each cascade screen, the Curie point, a compensation point, etc. are controlled, 
and over-writing record is also possible, since it has the reversal field of a multistage story, using the film of another 
side as a record layer, using one cascade screen as an object for bias field generating (refer to JP,2-230532,A and JP,62- 
154347,A), Moreover, it cannot be overemphasized that a bias field generating layer may be added separately. 
(Example 8) 

[0044] The cascade screen of the configuration of N/{M/(N/M) n/L}m was produced on the quartz substrate like the 
example 4 by the RF sputtering method as Co and a noble-metals layer N as a magnetic layer M, using Pt as Pd and a 
non-magnetic layer L. 

[0045] However, sample 8-1 It set, and 30A and tCo were set into 5A, and tPd was set to lOA, n= 3, and m= 3 for tPt. 
On the other hand, it is a sample 8-2. It sets and is {M/(N/M) n/L} m. Further by the eye 70A and tCo are set into 5 A, 
tPd is set to lOA and n= 3 for tPt, and it is {M/(N/M) n/L} m. By the bilayer eye 50A and tCo are set into 5A, tPd is set 
to 8A and n= 2 for tPt, and it is {M/(N/M) n/L} m. In the third layer 30A and tCo were set into 5A, and tPd was set to 
15A and n= 3 fortPt. 

[0046] this sample 8-1 and 8-2 ******** - the hysteresis curve of a car angle of rotation to an extemal magnetic field 
is shown in drawing 15 (a) and (b). clear firom drawing - as - a sample 8-1 and 8-2 ****** - although it is good 
perpendicular magnetic anisotropy films — sample 8-2 **** — it turns out that the three-step hysteresis is acquired. 
(Example 9) 

[0047] The cascade screen of the configuration of N/{M/(N/M) n/L}m was produced on the quartz substrate like the 
example 4 by the RF sputtering method as Co and a noble-metals layer N as a magnetic layer M, using Cu as Pt and a 

non-magnetic layer L. 

[0048] However, sample 9-1 It set, and 15A and tCo were set into lOA, and tPt was set to lOA, n== 4, and m= 4 for tCu. 
On the other hand, it is a sample 9-2. It sets and is {M/(N/M) n/L} m. Further by the eye 50A and tCo are set into lOA, 
tPt is set to lOA and n= 4 for tCu, and it is {M/(N/M) n/L} m. By the bilayer eye 50A and tCo are set into 5 A, and tPt is 
set to 8A and n= 2 for tCu. In the third layer of {M/(N/M) n/L} Set 50A and tCo into 5A, and tPt is set to 5A and n- 2 
for tCu. (M/(N/M) n/L} m In the fourth layer, 50A and tCo were set into 5 A, and tPt was set to lOA and n= 1 for tCu. 
[0049] this sample 9-1 and 9-2 ******** — the hysteresis curve of a car angle of rotation to an extemal magnetic field 
is shown in drawing 16 (a) and (b). clear firom drawing - as - a sample 9-1 and 9-2 ****** — although it is good 
perpendicular magnetic anisotropy films - sample 9-2 **** ~ it turns out that the four-step hysteresis is acquired. 
(Example 10) Especially at the perpendicular magnetic anisotropy films conceming this invention, also by the magneto- 
optical effect, the Faraday effect is large and clarifies this point by this example. 

[0050] The result investigated [ tCo produced in the example 1 ] the relation of the several n laminating and the 
magnetic polarization angle of rotation (400nm) of the perpendicular magnetic anisotropy films of 1 and a several n 
laminating for 5 A and thickness ratio tCo/tPt is shown in drawing 17. 

[0051] A faraday's rotation angle is large and it turns out that a magnetic polarization angle of rotation is also in the 
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inclination of an increment with the increment it is [ increment ] a several n laminating so that clearly from drawing. 
Moreover, the incidence of light is 500 to the maximum upper layer of perpendicular magnetic anisotropy films, 
although carried out from the substrate side. When Au layer of angstrom was formed as a reflecting layer, the twice 
[ about ] as many magnetic polarization angle of rotation as this was acquired. In addition, all thickness 500 Although 
the magnetic polarization angle of rotation increased to angstrom, it has been mostly saturated more than with it 
(drawing 18). 
(Example 11) 

[0052] To the appearance shown previously, they are N/{M/(N/M) n/L}m. At the cascade screen of a configuration, 
since thickness is made thickly, maintaining the condition of perpendicular magnetization, in the Faraday effect, it 
becomes dominance also by the magneto-optical effect. That is, since perpendicular magnetization is kept substantial 
also in the condition that the thickness of a magnetic layer is thick according to this invention, a faraday*s rotation angle 
becomes large by thickening sum total thickness of a magnetic layer as much as possible in the range which can 
penetrate light. 

[0053] Co (5 A) and the noble-metals layer N are set to Pt, a non-magnetic layer L is set to Pt (20 A) for a magnetic layer 
M, tPt is changed, and they are N/{M/(N/M) n/L}m, The cascade screen was produced. In addition, it is referred to as 
n= 3 and thickness is about 200 at the whole, m was adjusted so that it might become angstrom. Although tPt made it 
change by 3 thru/or 15 A, perpendicular magnetic anisotropy films were obtained for all. 

[0054] The relation between tPt and thetaf (400nm) was shown in drawing 1 9. A faraday's rotation angle is so large that 
there are so many whole amounts of Co(es) that the thickness tPt of noble metals is thin, and it tums out that it amounts 
to a maximum of 1 time. 
[0055] 

[Effect of the Invention] As explained above, according to this invention, good perpendicular magnetic anisotropy films 
can be obtained. Therefore, it is size the place which contributes to the application as magnetic-recording media, such as 
a magneto-optic-recording medium, etc. 

[0056] Moreover, since the rate that the magnetic layer as the whole cascade screen occupies by carrying out the 
laminating of the perpendicular magnetic anisotropy films through a non-magnetic layer can be enlarged, it is 
advantageous when especially the Faraday effect is used, the magneto-optical effect and. 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 4th partition of the 6th section 
[Publication date] November 30, Heisei 1 1 (1999) 

[Publication No,] Publication number 5-67322 

[Date of Publication] March 1 9, Heisei 5 ( 1 993) 

[Annual volume number] Open patent official report 5-674 

[Application number] Japanese Patent Applicafion No. 4-45868 

[International Patent Classification (6th Edition)] 

GllB 5/66 

[FI] 

GllB 5/66 

[Procedure revision] 

[Filing Date] February 25, Heisei 1 1 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The condition that the laminating of a magnetic layer, Pt, Pd, Ru and Ag, and the noble-metals layer using one 

sort in these multicomputer systems was carried out 

(M/N)n 

M is l<=n<=5 and (M/N) n, when noble metals express the magnetic substance and N and n is expressed with the 
number of laminatings. Perpendicular magnetic anisotropy films characterized by thickness being less than 50A. 
[Claim 2] The condition that die laminating of a magnetic layer and the noble-metals layer was carried out by turns 
(M/N)n 

Noble metals express the magnetic substance and N, n is expressed with the number of laminatings, and M is a 

thickness ratio per layer. 

(tM/tN) 

tM is the thickness of a magnetic layer. 
tN is the thickness of a noble-metals layer. 

Perpendicular magnetic anisotropy films according to claim 1 which come out, and are characterized by satisfying the 
conditions of l<=n<=5 and 0.6 <= tM / tN when expressed. 

[Claim 3] The condition that the laminating of a magnetic layer and the noble-metals layer was carried out by turns 

(M/N)n 

Noble metals express the magnetic substance and N, n is expressed with the number of laminatings, and M is a 

thickness ratio per layer. 

(tM/tN) 
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tM is the thickness of a magnetic layer. 
tN is the thickness of a noble-metals layer. 

Perpendicular magnetic anisotropy films which come out, and are characterized by satisfying the conditions of l<=n<=5 
and 0.6 <= tM / tN when expressed. 

[Claim 4] The condition that the laminating of a magnetic layer and the noble-metals layer was carried out by tums 
(M/N)n 

Noble metals express the magnetic substance and N, n is expressed with the number of laminatings, and M is a 

thickness ratio per layer. 

(tM/tN) 

tM is the thickness of a magnetic layer. 
tN is the thickness of a noble-metals layer. 

When come out and expressed, they are 2 <= tM <=16 (angstrom), 2 <= tN <=16 (angstrom), and (M/N) n. 
Perpendicular magnetic anisotropy films characterized by thickness satisfying less than 50A conditions. 
[Claim 5] The condition that the laminating of a magnetic layer and the noble-metals layer was carried out 
(M/N)n 

M is n which has perpendicular magnetization when noble metals express the magnetic substance and N and n is 
expressed with the number of laminatings (M/N). Perpendicular magnetic anisotropy films characterized by carrying out 
two or more layer laminating of the film through a non-magnetic layer. 

[Claim 6] n which has different holding power (M/N) Perpendicular magnetic anisotropy films according to claim 5 
characterized by carrying out the laminating of the film. 

[Claim 7] Perpendicular magnetic anisotropy films according to claim 3 to 6 characterized by using one sort in Pt, Pd, 
Ru, Au, Ag, and these multicomputer systems for said noble-metals layer. 

[Claim 8] The magnetic-recording medium characterized by using perpendicular magnetic anisotropy films according to 

claim 1 to 7 as a record layer. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0008 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0008] That is, the 1st invention is the condition that the laminating of the noble-metals layer which used one sort in a 
magnetic layer, Pt(s), Pd, Ru and Ag, and these multicomputer systems was carried out. 

(M/N)n 

M is l<=n<=5 and (M/N) n, when noble metals express the magnetic substance and N and n is expressed with the 
number of laminatings. They are the perpendicular magnetic anisotropy films characterized by thickness satisfying less 
than 50A conditions. Although Co which is a magnetic metal as the magnetic substance M here is typical, Fe, nickel, 
etc. are mentioned to others. Of course, these multicomputer systems are sufficient. Moreover, although Pt is typical as 
noble metals N, Pd, Ru, Ag, etc. may be mentioned to others and a multicomputer system is sufficient also as this. 
(M/N) n If thickness is 50A or more, it will be hard coming to obtain perpendicular magnetic anisotropy films. It is 30A 
or less preferably. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0009 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0009] Moreover, the 2nd invention is the condition that the laminating of a magnetic layer and the noble-metals layer 

was carried out by tums. 

(M/N)n 

The magnetic substance and N noble metals express M, n is expressed with the number of laminatings, and it is a 

thickness ratio per layer. 

(tM/tN) 

tM is the thickness of a magnetic layer. 
tN is the thickness of a noble-metals layer. 

It comes out, and when expressed, they are the perpendicular magnetic anisotropy films characterized by satisfying the 
conditions of l<=n<=5 and 0.6 <= tM / tN. By setting tM/tN or more to 0.6, the holding power of perpendicular 
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magnetic anisotropy films can be improved. Moreover, since the amount of magnetic metals per unit thickness will 

increase compared with the former, and improvement in the magneto-optical effect will be attained in connection with it 

and the amount of noble metals will fall, film cost falls. In addition, although based also on thickness, since it will be 

hard coming to attain perpendicular magnetization if the ratio of a magnetic metal becomes high not much, it is 

desirable [ tM/tN ] that it is three or less. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 00 1 0 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0010] Moreover, the 3rd invention is the condition that the laminating of a magnetic layer and the noble-metals layer 

was carried out by turns. 

(M/N)n 

Noble metals express the magnetic substance and N, n is expressed with the number of laminatings, and M is a 

thickness ratio per layer. 

(tM/tN) 

tM is the thickness of a magnetic layer. 
tN is the thickness of a noble-metals layer. 

When come out and expressed, they are 2 <= tM <=16 (angstrom), 2 <= tN <=16 (angstrom), and (M/N) n. They are the 

perpendicular magnetic anisotropy films characterized by thickness satisfying less than 50A conditions. Although it is 

the thickness tM of one layer of magnetic metals, when not much thick, since achievement of perpendicular 

magnetization is difficult, 16A or less is desirable. Moreover, it is better for there to be 2 A also at the lowest, in order 

not to show good magnetism, if too not much thin. Furthermore, it is desirable that it is 3 <=tM<=15 (angstrom). 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 001 1 

[Method of Amendment] Modification 

[Proposed Amendment] 

[001 1] Moreover, although it is the thickness tN of one layer of noble metals, it is better for achievement of 

perpendicular magnetization to be difficult if too not much thin, and for there to be 2A also at the lowest. Moreover, 

extent which does not alienate magnetic coupling between magnetic metal layers of the thickness of the noble-metals 

layer pinched between magnetic metal layers at the time of a laminating, i.e., 16A or less extent, is desirable. 

Furthermore, it is desirable that it is 3 <=tN<=15 (angstrom). 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0016 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0016] By the way, in order to make [ many ] the amount of magnetic metals conventionally, the means which make 
[ many ] the number of laminatings were taken, but since perpendicular magnetic anisotropy films would no longer be 
obtained if it is made [ manyV not much ], there was a limitation. When the laminating of this perpendicular-magnetic- 
anisotropy-films unit could be carried out paying attention to the thing which were shown previously and which is 
acquired for perpendicular magnetic anisotropy films with the small number of laminatings like, without spoiling a 
perpendicular magnetization property, this invention persons thought that the perpendicular magnetic anisotropy films 
containing more magnetic metals were obtained, and resulted in the 4th invention. That is, the 4th invention is the 
condition that the laminating of a magnetic layer and the noble-metals layer was carried out. 
(M/N)n 

M is n which has perpendicular magnetization when noble metals express the magnetic substance and N and n is 
expressed with the number of laminatings (M/N). They are the perpendicular magnetic anisotropy films characterized 
by carrying out two or more layer laminating of the film through a non-magnetic layer. It is desirable that it is the same 
as that of invention of the above-mentioned 1st thru/or 3 about M and N. In the 2nd thru/or the 4th invention, although 
Co which is a magnetic metal as the magnetic substance M is typical, Fe, nickel, etc. are mentioned to others. Of course, 
these multicomputer systems are sufficient. Moreover, although Pt is typical as noble metals N, Pd, Ru, Au, Ag, etc. 
may be mentioned to others, and a multicomputer system is sufficient also as this. 
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[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0017 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0017] The non-magnetic layer L has the function to erase the magnetic interaction of the perpendicular magnetic 
anisotropy films which have countered through this, and should just be non-magnetic material. For example, Si02, 
aluminum 203, various glass, Pt, Pd, Au, Ag, aluminum, Cu, Mn, Cr, Si, etc. are mentioned. Thickness is lOA or more 
extent by which magnetic association is intercepted, and if the magneto-optical effect is taken into consideration, in 
order that it may make loss of light minimum, it is desirable that it is thin in the ability to do. Moreover, since it 
becomes impossible to deal with it as a magnetically united cascade screen when not much thick, about at most lOOA is 
a limitation. They are 20A thru/or 100 A preferably. Moreover, the noble-metals layer of the last of being a unit unit 
(M/N) is thickened, and this non-magnetic layer can also be used also [ non-magnetic layer ]. 
[Procedure amendment 8] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0020 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0020] In this 4th invention, if the holding power of the perpendicular magnetic anisotropy films which carry out a 
laminating is changed, the perpendicular magnetic anisotropy films which have the multistage hysteresis loop can be 
obtained. By using the perpendicular magnetic anisotropy films which have such a multistage hysteresis loop, record 
and over-writing record of a multiple value are attained. Moreover, in the perpendicular magnetic anisotropy films 
concerning this invention, a faraday's rotation angle is large and it is suitable to read magnetic recording by change of a 
faraday's rotation angle. 



[Translation done.] 
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